ABSTRACT The interactions among the subunits of a unique set of mouse myeloma proteins having specificity for 13-D-1,6) galactans has been studied by making homologous and heterologous recombinants of heavy and light chains. The recombinations were carried out by mixing together the desired l-4avy and light chains that had been separated on a Sephadex G-100 column in urea-acetic acid and renaturing the chains at near neutral pH. One (3, 13, 12) . The binding constants for any particular ligand with these proteins were not grossly different. These anti-galactan proteins have been found to have crossreacting idiotypes (M. Potter and E. B. Mushinski, unpublished results). Proteins J 539 and X 44 shared idiotypes, as did the protein pairs X 24-T 601 (3), and S 10-T 191. Each of these proteins has also been shown by hemagglutination inhibition to possess a unique idiotypic determinant (15).
the chains at near neutral pH. One homologous and six heterologous recombinants have been prepared. All the recombinants prepared possessed a four-chain native-like structure. The ligand binding activity and idiotypic specificity of the homologous recombinant were essentially indistinguishable from those of the original native protein. All the heterologous heavy-light chain combinations also led to the regeneration of functional binding sites. The affinity of the heterologous recombinants towards various galactose ligands was comparable to those of the native molecules. Furthermore, the ligand binding affinity of the recombinants was almost invariably closer to the Ka of the original protein that had a higher affinity. Idiotypic specificity of the heterologous recombinants paralleled that of the original protein that had contributed the heavy chain. Workers in our laboratory have been studying a set of eight homogeneous murine Balb/c myeloma immunoglobulins (J 1, S 10, X 24, X 44, T 191, J 539, T 601, and CBPC 4), having specificity for D-galactopyranosyl residues linked 13(1,6) (1) (2) (3) . The availability of this unique set of IgAK proteins of specificity for one sugar and one type of linkage prompted us to study the subunit interactions in these proteins by making heavy (H)-and light (L)-chain hybrid recombinants. Recombination studies on various antibody systems have been carried out with a view to understanding the contributions of H-and L-chains to antibody activity (4) (5) (6) (7) (8) (9) (10) (11) (12) . Although some of the studied systems consisted of homogeneous proteins having the same ligand binding specificity, only homologous recombinants have been reported to show binding activity and idiotypic specificity of the native protein (4, (6) (7) (8) (3, 13, 12) . The binding constants for any particular ligand with these proteins were not grossly different. These anti-galactan proteins have been found to have crossreacting idiotypes (M. Potter and E. B. Mushinski, unpublished results). Proteins J 539 and X 44 shared idiotypes, as did the protein pairs X 24-T 601 (3), and S 10-T 191. Each of these proteins has also been shown by hemagglutination inhibition to possess a unique idiotypic determinant (15) .
The light chains of six of these proteins (J 1, S 10, X 24, X 44, T 191, and J 539) have identical sequences to residue 23 and were unique among the known K subgroups. Their heavy chains were also identical in sequence to residue 30, except for J 1, which had an Ile in place of Leu in position 5 (15) . Although the NH2-terminal sequences of these antigalactans are the same, these proteins show ligand-induced differences in fluorescence, indicating that differences in sequence will be found either in the amino-acid residues that are part of the combining site or in those that indirectly contribute to the binding site. Furthermore, each possesses a unique idiotypic determinant which must be accounted for by sequence differences. It Idiotypic Assay. Idiotypic antisera to the individual myeloma proteins were prepared in AL/N mice as described earlier (3, 15 Fig. 1 (curves b and c) . The elution profile is very similar to that of the T 601 homologous recombinant preparation (Fig. la) . Fractionation of the other heterologous recombinant preparations showed very similar elution positions to the ones shown in Fig. 1 , but yields of recombinant monomer for the different H-and L-chain combinations ranged from 45 to 60% after separation from the aggregates, no definite preference being apparent for any particular combination. In the present study, only the recombinant monomer peak has been used to study the effect of recombination on the binding activity and idiotypic specificity of anti-galactan proteins.
The gel filtration properties, the molar H/L chain ratio, and the ligand binding characteristics of the various recombinants are summarized in Table 1 (20, 21) using radioactive galactotetraose (Gal4*) in which the reducing residue had been converted to tritium-labeled galactitol by sodium borotritiide. Each immunoglobulin in Table 1 was admixed with the same quantity of Gal4* in an amount such that, for the four native proteins, the site saturation was about 75%.
The moles of Gal4* bound per mole of immunoglobulin were derived as follows: the relationship between the theoretical number of moles of ligand bound per mole of immunoglobulin as a function of its Ka was calculated assuming bivalence. Galactitol-terminated Gal4* was assumed to bind (Table 1) . Furthermore, in combinations in which the two proteins differed in their affinity towards a ligand, the Ka of the recombinant appeared closer to the Ka of the protein that had the higher Ka, regardless of whether that protein was the H-or the L-chain donor. For example,
the Ka values towards Gal2 of the recombinants of proteins X 24 and J 5t39, namely, H24L59 and H59L4 were closer to Table 2 ). L24 contributes moderately to the idiotype of X 24 (Table 3) .
In addition to the homologous idiotypic systems, the heterologous recombinants were also tested for the idiotypic determinants of the other antigalactans to see if any of the heterologous chain combinations studied simulated an already existing H-L pair. None of the recombinants inhibited any idiotypic system other than the one which contributed the chains (Table 3) .
Relative Various heterologous recombinants reported by others exhibited anywhere from 10 to 100-fold reduction in binding affinity for ligand when compared to the homologous immunoglobulin (4, 6, 7, 9) . By contrast, the heterologous recombinants of the galactan-binding proteins reported here are, however, nearly as active as the original proteins. A recombination study using mouse myeloma proteins 315 and 460 (IgAs, anti-Dnp activity) showed that the binding specificity of protein 315 and 460 can be restored only when the homologous chains are recombined (4) . Absence of activity in these heterologous recombinants, however, may be ascribed in part to differences in light chain type 315 belonging to X2 (22) (8) .
In several of the recombination studies reported by others, in agreement with the results of the present study, it was shown that a four-chain immunoglobulin structure can be readily reconstituted from heterologous H-and L-chains (4-6, 10-12, 24). Mutual affinity of homologous H-and Lchains has been found to exceed that of heterologous H-and L-chains in two cases (11, 12) . Incomplete recovery of antibody activity in those studies by heterologous chain recombinations, on the one hand, and recovery of complete activity by homologous chain recombinations, on the other hand, suggest that the requirements to regenerate a unique specificity in an antibody molecule are more stringent than the requirements necessary to regenerate a four-chain immunoglobulin molecule (4-6, 10).
Thus, regeneration of binding activity and idiotypic specificity in heterologous anti-galactan recombinants suggests close similarities in their structures. Since these H-chains make the major contribution to the idiotype, sequences of the light chains in those regions affecting idiotypic specificity may be very similar.
